Objectives. The purpose of this •iludy was to identity behaviors associated with change in body ma.ss index or with weight gain at the waist.
Introduction
Obesity research results regarding diet and exercise are often expressed in technical terms that are difficult for the general public to understand, in the interest of developing simple obesity prevention "prescriptions." it may be helpful to identify easily described behaviors that are associated with weight change und thai iire already prevalent in society.
The causal interpretation of these associations will be facilitated if the identified behaviors are stable during a defined observation interval. Most previous studies of weight change prospectiveiy examined only changing (i.e., unstable) behaviors or described behaviors at only one point in time.'-Either methcxl may result in difficulty disentangling cause from effect.
We report here the independent associations found between consistently reported (i.e.. stable) behaviors and 10-year change in body mass index {kg/nr) among healthy middle-aged US adults. We also present the associations between these same stable behaviors and the likelihotxl that weight gain was reported to occur at the waist. Gain at the waist is of potential importance because abdominal obesity, independent of generalized overweight, is directly predictive of cardiovascular diseases, diabetes, and certain cancers.^'''
Methods

Subjects
Subjects were initially recruited in 1982. by volunteers of the American Cancer Society, for the Cancer Prevention Study II." a large prospective survey based on a four-page confidential questionnaire about personal anil medical history, food frequencies, cigarette smoking, and alcohol consumption. Ten years later, the American Cancer Society conducted a follow-up nutrition survey limited to Cancer Prevention Study 11 participants from 21 selected states who were (in 1992) between 50 and 74 years of age. A total of 184 448 subjects in the nutrition survey completed a longer questionnaire that focused in more detail on dietary intake and history of selected physical activities.
We excluded nutrition survey subjects who were more than 54 years old at the time of the initial Cancer Prevention Study II (1982) to minimize survivorship bias and becau.se weight gain is less common in late middle age."" Furthermore, we excluded those reporting regular diuretic use (6%). a cancer history other than nonmelanoma skin cancer (59;). diabetes {69c). or race/ethnicity other than White non-Hispanic 07c). Subjects were also excluded if they were initially very overweight (body mass index > 32 kg/ m-; 4^) or very underweight (body mass index < I8kg/m^: l%)or if they reported an extreme lO-year change in btxly ma.ss index (increase or decrease of greater than 8 kg/m^; 3%); these conditions suggested Men ages 40-54 at baseline either a problematic medical situation, an unusual context for preventing weight gain, or ihat the subject had misreported weight or height data, For the 35 156 men retained in the analytic cohort, the mean baseline btxly mass index was 25,6 kg/m-(SD = 2.6); for the 44 080 women retained in the analytic cohort, the mean baseline btxiy mass index was 23.4 kg/m-(SD = 3.0). The mean 10-year body mass index change for men was +0.6 kg/ni-{SD = 1.7): the mean 10-year change for women was + 1.4 kg/m-(SD = 1.9) (see Figure I ).
Questionnaires
The Cancer Prevention Study II provided self-reports (in 1982) of height; weight: marital status; common medical diagnoses; cigarette smoking; use of beer, wine, or liquor; vitatiiin supplementation; and (for women) menopausal status and estrogen use. The diei history asked for the current number of days per week tht subject consumed each of 28 ftxxJ item or groups, including 6 of red meats and of vegetables. Questions about other t' tK groups (e.g.,. fruits, fish, fowl, dairyl products) were not sufficiently developed] in the study questionnaire to warrantl separate analysis or to allow for e.stima-[ tion of total caloric intake.
The nutrition survey provided self-1 reports (in 1992) of current weight;| weight at 18 years of age; current nuirilal status; common medical diagnoses; cigarette smoking; use of beer. wine, or liquor; vitamin supplementatitm; and {for women) menopause and estrogen use. Its fiKKl frequency section (adapted from the Health Habits and History Questionnaire ofthe National Cancer Institute'^ ) asked for the average frequency of consumption during the past year of 68 ftxKl items or groups, including 8 of red meats and 8 of vegetables. Riysical activity was reported, both "during the pjist year" and retrospectively "at age 40." as the average time per week (none. 1 to 3 hours. 4 to 6 hours, 7+ hours) spent engaging in each of 10 identified activities: jogging/ running, lap swimming. lennis/racquetball, bicycling/stationary bike, aerobics/ calisthenics, dancing, gardening/mowing/ planting, heavy housework/vacuuming, heavy home repair/painting, and walking. The question "When you gain weight, where on your b<xly do you mainly add the weight?" permitted six nonexclusive responses (chest and shoulders, waist, hips and thighs, other part of body, equally all over, don't gain weight).
Statistical Analyses
Subjects'reports in 1982 and 1992 of cigarette smoking, vitamin E supplementation (vitamin E tablets containing 100 lU or more or multivitamin tablets containing 30 lU). and beer. wine, and liquor consumption were used lo categorize their usage. For each substance, the referent group (nonusers) explicitly reported no use at both points in lime. Other gn)ups were detined by iheir consistent reports of usage at both points in time (see Table I ) or usage that was inconsistent or undefined.
Subjects' meat consumption was categorized by calculation of Iheir sexspecific quintile positions in 1982 (sum of six meat questions) and 1992 (sum of eight meat questions). The referent group (low consumers) was defined by consistently being in the first quintile at both points in time. Referents were compared with subjects reporting consistently mixl- education, region of the country, body mass index in 1982, slope of body mass index from 18 years of age total calorie intake, cigarette smoking, meat and vegetable intake, vitamin E use, i activities, and, for women, menopausa 10-year period) levels of behavior status, estrogen ust , and parity. As a result of missing data and increasing percentages do not sum to 100, Icohol intake. 0 physical and decreasing (over the erale (second to fourth quintile at both points in time), consistently high (fifth quintiie at both points in time), increasing, decreasing, or unknown consumption. A similar procedure was followed for categorizing each subject's vegetable consumption. HHHQ-DIETSYS analysis software {version 3.5; National Cancer Institute) was used in estimating daily intake of total calories in 1992 from the nutrition survey's entire food frequency questionnaire. After identlHcation of individuals with in.sufficient dietary infonnation (9% of the cohort), the remaining subjects were categorized by sex-specific quartile of total calorie intake.
Weekly exercise level for each of 10 physical activities was categorized by the consistency (or inconsistency) in reported hours per week at 40 years of age (i.e.. 1982 or earlier) and in 1992. The referent group consistently reported no activities at the iwo points in time. Referents were compared with subjects who consistently reported 1 to 3 hours per week or 4 or more hours per week (see Table 2 ); terms for increasing, decreasing, or missing data on the activity of interest were also included.
Each subject's 10-year change in body mass index was calculated from height reported in 1982 and weights reported on the two questionnaires, adjusted for the time interval between survey mailings, Multivariate linear regression (sex specific) estimated the simultaneous mean effects on change in body mass index associated with the behaviors of interest.
From the nutrition survey question on anatomic gain site, we labeled as waist gainers (. 11 750 men and 4261 women) all persons who specified "waist" as the only place where they added weight and who reported a 10-year weight gain. Those who reported gaining weight but specified sites other than the waist were not included in the site-specific analyses. All of the remaining subjects (decrease or no change in body mass index) were classified as nongainers (14 244 men and 10 888 women) irrespective of their responses to the question on anatomic site. Multivariate. unconditional logistic regression estimated the effects on weight gain at the waist (waist gainers vs nongainers).
All of the linear and logistic models included an adju.stment for age (continuous) and categorical adjustments for education, body mass index in 1982, slope of body mass index between 18 years of age and 1982, change in marital status, four regions of the country, estimated total M;iy 1997. Vol. 87. No. 5 American Joumai of Public Health 749 Note. Linear regression controlled for age, education, region oi the country, body mass index in 1982, slope of body mass index from 18 years of age to 1982, chiange in marital status, total calorie intake, cigarette smoking, meat and vegetable intake, vitamin E use, alcohol intake, 10 physical activities, and, for women, menopausal status, estrogen use, and parity. As a result of missing data and increasing and decreasing (over the 10-yearperiod)levelsof behavior, percentages do not sum to 100-daily intake of calories in 1992. and all categorical terms describing consistent or inconsistent smoking, diet, physical activity, and other behavioral characteristics.
The models for women also contained categorical adju.stments for parity, menopausal status, and estrogen replacement therapy.
Although our multivariate models included terms for subjects who increa.sed or decreased each of the reported behaviors, we describe only the associations related to stable behaviors (along with the special case of smokers who quit). If a subject's behavior was different at the two ptiints in time, we could not determine when the behavioral change had occurred. It would be unclear, furthemiore. whether the behavioral change facilitated the weight change or the weight change facilitated the behavioral change,'
Results
Ten-Year Change in Body Mass Index
Meal consumption above the first quintile level (i.e.. greater than approximately 3 days or servings per week) was associated with a body mass index increase (Table 1) , more strongly for men than for women; the greatest increase was for subjects who consumed meat consistently in the top quintile (i.e,, greater than approximately 7 days or servings per week). In contrast, there was a decrease in body mass index for persons who consumed vegetables consistently in the top quintile (i.e., greater than approximately 19 days or servings per week).
The consistent use of vitamin E supplements at or above 100 lU per day was associated with a body mass index decrease (about O.I kg/m-) for both men and women. Lower intakes of vitamin E. mostly reported as multivitamin preparations, were a,ssociated with a smaller body mass index decrease.
People who continued to smoke experienced a modest decrease in body mass index (about 0.2 kg/m-for men and 0.3 kg/m-for women). The largest mean effect on 10-year body mass index change was associated with cessation of cigarette smoking. In comparison with individuals who did not smoke during the decade of observation, cigarette quitters experienced an increase of about 1.0 kg/m-.
For men who regularly consumed beer, there was a decrease in btxly mass index of about O.I kg/m% but there was no effect asstx'ialed with wine or liquor Women who regularly consumed an> form of alcohol experienced a decrease in body mass index that was most marked for beer (0.4 kg/nr) and least marked for wine (0.1 kg/m-). Table 2 displays the mean 10-yeai body mass index changes associated with consistent participation in five common types of physical activity. Jogging/ running I to 3 hours per week was associated with a decrease in body mass index (about 0.2 kg/m-for men and aboui 0.5 kg/m-for women). For men who performed this activity for 4 or more hours per week, there was a slightly greater decrease in bcxly mass inde( about 0.3 kg/m-). Very few women, however, reported consistently jogging/ mnning for 4 or more hours per week, making it impossible to demonstrate ii significant effect for women at this intense level, Aerobics/cali.sthenics for men at any level was associated with a body mass index reduction similar to the finding for vitamin E use and parity. As a result of missing data and incfeasinq 10-year period) levels of behavior, percentages do not sum to 100, I alcohol intake , 10 physical and decreasing (over the men's jogging/running. For women, there wa.s a body mass index dect^ase associated with aerobics/calisthenics performed consistently at least 4 hours per week, but not I to 3 hours per week. Among other relatively vigorous activities, tennis/ racquetball was associated with a significant decrease in body ma.ss index (for women at 1 to 3 hours per week), but we found no mean effects on body mass index change associated with lap swimming, bicycling/stationary bike, or dancing.
With regard to less vigorous activities, there were no significant effects on hody mass index change asstx:iated with heavy housework/vacuuming or heavy home repair/painting, but gardening/ mowing/planting was ass(x:iated with decreases in body mass index for men at 4 or more hours per week and for women at I or more hours per week (both sexes showed a decrease of about 0.1 kg/m-). Walking was a highly prevalent activity, 86*7^ of men and 92^ of women reptirti ng walking I or more hours per week on at least one of their questionnaires. No effect was found, however, on 10-year body mass index change for persons who consistently reptirted walking for only 1 to 3 hours per week. Persons who consistently reported walking for 4 or more hours per week experienced a small, significant decrease in body mass index, about twice as much for women as for men.
Likelihood of Gain at the Waist
For both men and women, the likelihood of gain at the waist increa.sed with higher levels of meat consumption and decreased with higher levels of vegetable consumption (Table 3) . Vitamin E supplementation was associaCed with a modest, graded, protective effect against gain at the waist.
For men, continued smoking was associated with a reduced likelihotxi of gain at the waist irrespective of smoking level. Women who continued smoking up to a pack a day experienced a small protection against gain at the waist, but this effect could not be confirmed for women smoking more than a pack a day. Quitting smoking was asscKiated with approximately doubling the likelihood of gain at the waist.
Although men's use of alcohol had no significant effects on their likclihixxl of gain at the waist, women's (X'casional use of beer or liquor (but not wine) was associated with an increased likelihtxxl of gain at the waist. This effect could not be Wofe, Logistic regression controlled for age, education, region of the country, body mass index in 1982. siope of body mass index from 18 years of age to 1982, change in marital status, total calorie intake, cigarette smoking, meat and vegetable intake, vitamin E use. alcofiol intake. 10 physical activities, and. for women, menopausal status, estrogen use, and parity. As a resuit of missing data and increasing and decreasing (over the 10-year period) levels of behavior, percentages do not sum to 100, demonstrated with women's more frequent alcohol use. For men. jogging/ninning and aerobics/calisthenics had a clear inverse association with gain at the waist, an effect that was stronger when Ihe activity exceeded 3 hours per week (Table 4 ). Women's jogging/running for I to 3 hours per week was asstKiated with a similar protective effect, but the effect could not be confirmed among the very few women who jogged or ran 4 or more hours per week. Women's aerobics/cahsthenics was ass<x:iaied with a significant protection against gain at the waist only at 4 or more hours per week. Effects on gain at the waist could not be discerned for tennis/ racquetball (Table 4) . lap swimming, bicycling/stationary bike, or dancing.
With regard to less vigorous physical activities, effects on gain at the waist could not be discerned for gardening/ mowing/planting (Table 4) or for heavy housework/vacuuming. Heavy home repair/painting for men was associated with a protective effect against gain at the waist at I to 3 hours per week (odds ratio I OR] = 0,93, 95% confidence interval I CI ] = 0.86. 1.00) and at 4 or more hours per week (OR -0.87. 95% CI = 0,79. 0.96), but this activity showed no effect on gain at the waist for women. Walking 4 or more ht)urs per week was asstxiated with a reduced likelih(KKl of gain at the waist. but this effect could not be shown for walking only I to 3 hours per week.
Discussion
Our findings of calorie-adjusted associations between body mass index change and meat consumption (positive) and vegetable consumption (inverse) are similar to the observational results reported among women elsewhere with regard to frequency of meat consumption'^ or estimated intake of animal fat.''' Our study may be the Hrst to find a similar relationship among men. These results suggest that weight change may be linked to the proportion of energy derived from fat"" or to other unidentified components of meat. Our further observations on gain at the waist support the consensus that a diet of tnore vegetables and less meal will reduce chronic disease risk.-''^'* Supplementation with vitamin E was examined because of its putative protective effect against conditions asstxriated with overweight and abdominal obesity.-^-' its ability to improve insulin act ion.-**•-'' and ils cross-seciional inverse association"' with the ratio of waist-to-hip circumference (a conventional index of abdominal obesity). Consistent with other reptirts, vitamin E supplementation in our study was associated, over time, with a decrease in body mass index and a reduced likelihotxl of gain at the waist. We cannot exclude the possibility, however, that vitamin E supplementation might be only a marker for other, unmeasured behaviors or nutrients associated with weight loss. Behaviors and Weighl Change smoking cessation may contribute to increasing overweight in US adults, the numerous health benefits of cessation exceed the dsks associated with weight gain." Continued smoking obviously has no place in the public health prescription fur preventing obesity.
Men's regular consumption of beer (but not wine or liquor) had a small inverse effect on their 10-year body mass index change, but their alcohol use was not associated with gain at the waist. Women's regular consumption of beer or liquor, however, was associated with more marked weight loss, a result consistent with the total alcohol effect described in the Nurses' Health Study.''* On the other hand, we found that women's intake o\' beer or liquor (but not wine) was associated with an increased likelihood of gain at the waist, at least for women who reported wcasional use. Our sex-specific findings regarding the anatotnic site of gain may help explain why women's beer or liquor consumption might have a lesser cardioprotective efTeet than women's wine consumption.^'^"'-'' By contrast, wine and nonwine forms of aleohol have comparable cardioprotective effects atnong Among the 10 physical activities described in our study, jogging/running was most strongly associated with a decrease in body mass index. Jogging/ mnning may be the mo.st vigorous in terms of typical metabolie requirement."-'^ Self-reported bicycling, dancing, and lap swimming, by contrast, had no effect on body mass index. Although these three activities can also be engaged in vigorously, their metabolic intensity may be no greater (at lower ranges) than that of walking.''•''* Therefore, they may not necessarily result in high-level energy expenditure. Their role in obesity prevention may require an explicit definition of intensity level.
Despite the high prevalence of walking."* we found no significant body mass index change associated with walking for only 1 to 3 hours per week. Men who walked 4 or more hours per week experienced a modest decrease in body mass index and small protection against gain at the waist, less benefit than men who spent similar amounts of time at jogging/running or aerobics/calisthenics. Other longitudinal studies have suggested that men's health benefits are greater from high-intensity physical activity than from walking"*"*""*' and that moderate physical activity is associated with greater protection against weight gain for women than for nien.'^''^ Cunent recommendations for adult physical aetivity'*'"' may need to consider sex differences in the benefits to be expected from activity at varying levels of intensity.
Our study was limited by its dependence on self-reported measurements and its underrepresentation of ethnic/racial minorities, poor people, and those of lower educational status. Nevertheless. our mean 10-year changes in adult body mass index were similar to those estimated from NHANES III data, which are highly representative of the US population and include objective height and weight.^^The accuracy with which respondents reported their major anatomic site of weight gain is unknown. However, men's greater gain at the waist, in comparison with women, has been documented among US adults by objective measurements taken 5 years apart.T he epidemiologic associations summarized here do not prove unequivocally that the reported behaviors were the cause of the 10-year changes in body mass index or body fat distribution. The possibility of noncausal associations was reduced, however, by adjustments for numerous potential confounders, by the consistency of these findings with those of other studies of different designs, and by the stability of these behaviors over 10 years in a prospective cohort.
Our analysis has identified several easily described behaviors that, if widely adopted, might help reverse recent increases in adult overweight.''^^'' By way of theoretical example, a mean reduction of about 0.6 kg/m-in the overall cohort's 10-year body mass index could be predicted from specific, simultaneous changes in meat intake {reduce to less than three servings per week), in physical activity (adopt jogging/running at 1 to 3 hours per week), and in vitamin supplementation (adopt vitamin E at 100 !U per day). For nonsmokers. these three behavioral changes tnight eliminate the overall mean lO-year body mass index increase for men and about halfofthe overall mean 10-year increase for women. For smokers who quit, these changes could reduce by more than half their anticipated increase in body mass index. Environmental changes to facilitate these new behaviors eould receive widespread support if the proposals were aimed at preventing adult weight gain.
Public policies eould be developed alternatively on the grounds that they would reduce the likelihood of gain at the waist. The simultaneous adoption of the three behavioral changes in the example just provided could result in reducing the incidence of abdominal weight gain (tnultiplied odds ratios) by better than half. Increases in vegetable consumption might reduce abdominal obesity even further. Reduced abdominal obesity could result in a lower incidence of cardiovascular disease, diabetes, and certain cancers.^'*'''' These estimates of benefit are necessarily limited, however, by uncertainties regarding our subjects* responses to the question "Where on your body do you mainly add the weight?' Future epidemiologic and clinical studies will require improved techniques for the estimation of regional adiposity''' and its change over time. D
